The profile of the magnetic field distribution over the surface of superconducting sample is studied by the scanning an electron paramagnetic resonance microprobe. The magnetic field distribution is mapped from the measurements of the spin probe EPR-signal shift.
Introduction
The magnetic flux distribution in the type II superconductors determines critical state of these inaterials and depends highly on the sample shape and on its orientation relative to the applied fleld. To reveal the vortex pattern on the Abrikosov lattice scale the Bitter technique [1] has been applied. On larger length scales the flux distribution can be observed by the Faraday method using an active magneto-optical layer [2] . Both methods provide the direct imaging of the magnetic-field distribution at the surface of the superconductors. To study the flux distribution within the bulk of the superconductors the nuclear magnetic resonance (NMR) and muon-spin resonance (μSR) are often used [3, 4] . Frait et al. [5] have proposed an electron-paramagnetic-resonance (EPR) method in which the local magnetic field intensities are probed by magnetic resonance of paramagnetic organic radicals such as DPPH, TCNQ, Phc 2 , etc. For the first time they used this method for a direct observation of the expulsion of the magnetic induction out of the superconductor sample due to the Meissner effect. Since then, it has been used by other authors for measurements of flux distribution associated (403) with the Abrikosov lattice [6] , grain structure [7] , or the shape of the high Τ superconductor samples [8] .
The main goal of this paper is the determination of the magnetic field distribution near the Bi2212 single crystal in a magnetic fleld parallel to the c axis. In the paper we analyze the long-distance (macroscopic) limit, where all short-wavelength distribution sources are averaged out and the position of the ESR line probes the mean value of the magnetic induction close to the surface. The point-to-point mapping is performed by using the movable EPR microprobe. For the first time such measurements have been presented by Kazan group for Y-Ba-Cu-O superconducting sample [9] . Scanning the microprobe over the superconducting sample in external magnetic field, we will determine the field induction at a given point from the ESR-signal shift.
Experimental
The Bi2212 single crystals used in our studies were grown using conventional flux technique and had a shape of flat strip with the dimensions of 3 x 1.5 x 0.45 mm3 . The superconducting transition temperature determined from the AC susceptibility in the magnetic field of 3.3 kOe were relatively low (Ϊ = 27 K). As an EPR probe the bisphtalocyanin-indium (Pc2Ιn) free radical was used with the dimensions of 0.3 x 0.3 x 0.05 mm3. The original (undistorted) ESR spectrum of the probe consists of one narrow line of the Lorentz shape with isotropic g-factor equal to 2.003 and constant width of δΗ = 2.3 Oe at Τ = 17 K. The schematic diagram of the experimental device and the design details are displayed in Fig. 1 .
The sample was fixed with glue on the solid part (2) of the holder whereas the probe was glued to the movable one (3) . During the experiment the ESR probe was shifted over the flat crystal surface along the Y-axis as is shown in Fig. 1 . The X-axis is assigned as being parallel to the longest edge of the crystal and Z-axis being perpendicular to the basal plane.
The experiments were performed for the fixed value of X. Z-value of 0.1 mm (the distance of the probe to the sample surface) was changed by the adjusting screw (1) . The shift of the ESR probe along Y-axis was achieved by the micrometer screw (6) . The maximum length of scan was equal to 4 mm and the accuracy of the probe positioning along V-direction was 5 m.
Our experiments were performed using standard X-band EPR spectrometer equipped with an Oxford gas flow cryostat. The measurements were carried out at temperature of 17 K. Too low temperature spoiled the signal making its detection impossible when the probe came closer to the sample.
The procedure of the measurements was following. The crystal in the spectrometer cavity was oriented so that c-axis was parallel to the applied DC magnetic field. The probe was adjusted at a given point by fixing appropriate position of both regulated screws. The measurements were run for zero field cooling (ZFC) procedure. The sample was cooled from the temperature higher than the critical one to the temperature of measurement and then magnetic field was switched on relatively fast to the value of 3.30 kOe and then swept throughout the resonance with a rate of 50 Oe/16 s. The registration of the ESR signal was performed only once for each cooling procedure.
Results and discussion
The resonance shift and line width broadening of the EPR-probe line, due to the superconductivity of the sample, are measured as a difference between the resonance field Η° and line width ΔΗ0 measured at the temperature of 17 K in the presence, and without the superconducting sample at a resonance cavity. After lowering the temperature below Τc , the ESR probe located above or at the superconductor surface changes its resonance position and line width. The lower is the temperature the larger are these changes. The measured parameters depend on the probe position with respect to the superconducting sample. In Figures 2  and 3 the signal shift and its broadening as a function of the probe position along Y direction for the chosen X and Z values are shown. For illustration the sample location is shown at the bottom of the figures. When the ESR probe is far from the sample, the ESR parameters are approximately close to those expected for a "free" radical. The resonance shift as well as the line width begin to increase sharply, reaching their maximum values in the vicinity of the sample edges. In turn, close to the sample center both parameters slow down exhibiting wide plateau with values near zero. For the whole studied geometry ESR signal was shifted to lower field which indicates that at any studied point over the sample plane and beyond of it the magnetic field was larger than the external applied field Η0. The variation of the ESR shift from point-to-point reflects the magnetic field distribution around the superconductor.
Theoretical calculations of the field distribution near the flat, long superconducting strip with the magnetic field direction perpendicular to the plane of sample have been reported by Brandt [10] . Generally, the residual magnetic field distribution can be described by the three main contributions: a) the magnetic flux structure inside the superconductor when Η > Hl, b) magnetic fields induced by the shielding critical currents at the surface of superconducting sample, c) demagnetizing fields caused by the superconducting Sample magnetization Μ.
In the superconducting state of the sample the demagnetizing contribution (ΔΗloc = -4π(1-Nlo )Μ) should always shift the probe resonance field towards higher intensities, since magnetization M is negative. As follows from Fig. 2, for the configuration studied the demagnetizing field is overcome by other contribution and residual resonance field is shifted towards lower field values. Our results confirm Brandt's prediction that the most dramatic inhomogeneities of the magnetic induction take place just at the edges . of the flat superconducting strip when external magnetic field is perpendicular. to the main plane of the sample. The largest gradient of the magnetic field in V-direction was estimated to be about 20 kOe/m, and coincides with a point where the line width reaches its maximum value. To study the microscopy contribution in the field distribution we are planning to carry out measurements like that but putting the probe as close as possible to the sample surface since the amplitude of the magnetic field inhomogeneities is smeared exponentially as a function of the distance Z and the characteristic scale L of order of the strip width. Our measurements confirm the great ability of EPR tomography to study subtle profile of magnetic field distribution around superconducting strips or perhaps wires, too.
